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Abstract 

Background: We sought to determine whether socio-economic status (SES) is an independent predictor of 
outcome following total knee (TKR) and hip (THR) replacement in Australians. 

Methods: In this prospective cohort study, we included patients undergoing TKR and THR in a public hospital in 
whom baseline and 12-month follow-up data were available. SES was determined using the Australian Bureau of 
Statistics Index of Relative Advantage and Disadvantage'. Other independent variables included patients' demographics, 
comorbidities and procedure-related variables. Outcome measures were the International Knee Society Score and Harris 
Hip Score pain and function subscales, and the Short Form Health Survey (SF-12) physical and mental component 
scores. 

Results: Among 1,016 patients undergoing TKR and 835 patients undergoing THR, in multiple regression analysis, 
SES score was not independently associated with pain and functional outcomes. Female sex, older age, being 
a non-English speaker, higher body mass index and presence of comorbidities were associated with greater 
post-operative pain and poorer functional outcomes following arthroplasty. Better baseline function, physical 
and mental health, and lower baseline level of pain were associated with better outcomes at 12 months. In 
univariate analysis, for TKR, the improvement in SF-12 mental health score post arthroplasty was greater in patients of 
lower SES (3.8 ± 12.9 versus 1.5 ± 12.2, p = 0.008), with a statistically significant inverse association between SES score 
and post-operative SF-12 mental health score in linear regression analysis (coefficient-0.28, 95% CI: -0.52 to -0.04, 
p = 0.02). 

Conclusions: When adjustments are made for other covariates, SES is not an independent predictor of pain and 
functional outcome following large joint arthroplasty in Australian patients. However, relative to baseline, patients in 
lower socioeconomic groups are likely to have greater mental health benefits with TKR than more privileged patients. 
Large joint arthroplasty should be made accessible to patients of all SES. 
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Background 

Joint replacement surgery is one of the most common 
and costly surgical procedures performed in developed 
countries [1-3]. Despite technical advances in orthopaedic 
surgery, there remain many patient-related factors that in- 
fluence the outcome of large joint arthroplasty [4-8]. Pre- 
vious studies have indicated that lower socioeconomic 
status (SES) may be associated with worse outcomes post 
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total knee (TKR) and hip (THR) replacement [9-14]. Pos- 
sible reasons for this include low motivation, poor health 
literacy, nutrition, housing and living conditions among 
those in lower socio-economic groups. The impact of SES 
on the outcomes of arthroplasty has important implica- 
tions in relation to selection of suitable patients for joint 
replacement, and strategies such as psychosocial interven- 
tions to optimize the outcomes of this procedure. 

Due to differences in socio-economic fabric, ethnic com- 
position, health care systems and cultural expectations, the 
relative importance of SES as a predictor of outcome post 
TKR and THR may differ among nations. The Australian 
'public' health care system provides government subsidized 
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health care for all Australians. Hospital-based services, 
including elective surgical procedures such as arthroplasty, 
are free of charge to patients. Accordingly, Australians 
of all socioeconomic backgrounds access these ser- 
vices. In this study, we sought to determine the associ- 
ation between SES and outcomes in Australian patients 
undergoing TKR or THR in a specialized 'public hospital' 
care setting. 

Methods 

Setting and patients 

This study was conducted at St. Vincents Hospital, a 460- 
bed university-affiliated tertiary referral centre situated in 
the central metropolitan region of Melbourne, Australia. 
All patients who underwent primary TKR or THR (arthro- 
plasty), between 1 January 2006 and 31 December 2009, 
in whom baseline and 12-month follow-up data were 
available, were eligible for enrolment into the study. For 
patients who underwent staged bilateral joint replacement, 
only the second procedure was included in the analyses. 
The study was approved by the Human Research Ethics 
Committee of St. Vincent's Hospital Melbourne. 

Data collection 

Patients attended a multidisciplinary pre-admission clinic 
within eight weeks prior to surgery, wherein 'baseline' 
pre-operative data were collected according to a stan- 
dardized protocol. Data included demographics, diag- 
nosis and co-morbidities. Patients were then followed 
through their procedure and details such as prosthesis 
type and peri- operative interventions were recorded. 
Health related questionnaires were administered to 
patients pre- and 12 months post-surgery. These patient- 
reported measures were the International Knee Society 
Score (IKSS) [15], the Harris Hip Score (HHS) [16] and 
the Short Form Health Survey (SF-12) [17]. Follow-up 
captured outcomes including death, re-hospitalization and 
complications. 

Main independent variable 

The main independent ('predictor') variable in this study 
was socio-economic status (SES). In order to determine 
SES, the residential postcode of each patient was matched 
to the corresponding Australian Bureau of Statistics (ABS) 
'Index of Relative Advantage and Disadvantage', which 
incorporates variables such as income, education, oc- 
cupation, housing and employment [18]. This index was 
developed using data from the entire Australian popula- 
tion surveyed in the most recent nation-wide 'census'. 
This index summarizes the socio-economic characteristics 
of subjects within an area [18], and is reported as a ranked 
score from one to ten (ten equal deciles), with one repre- 
senting the most disadvantaged and ten the most advan- 
taged areas. 



Covariates 

Patient characteristics 

All analyses were adjusted for age, sex, body mass index 
(BMI), aetiology of knee or hip joint disease, non-English 
speaking background, history of contralateral joint re- 
placement and presence of comorbidities. Comorbidities 
were measured using the Charlson co-morbidity Index 
(CCI) [19]. The CCI is a widely used and validated meas- 
ure consisting of a weighted scale of 17 co-morbidities 
expressed as a summative score [19]. The CCI was cal- 
culated using co-morbidity data recorded during the 
pre-operative medical assessment and the anaesthetic 
assessment on the day of surgery. The CCI was subse- 
quently adjusted for age [20]. 

Procedure-related variables 

For TKRs, analyses were adjusted for prosthesis type (cru- 
ciate retaining, posterior stabilizing or ultra-congruent) 
and patellar resurfacing. For THRs, analyses were adjusted 
for cemented versus non-cemented prosthesis. Post- 
operative complications were also recorded. 

Outcome variables 

For TKR's, the outcome variables were IKSS pain (IKS- 
Sp a i n ) and function (IKSSp unct i on ) subscales, and SF-12 
recorded at 12 months post arthroplasty. The IKSS is a 
validated scoring system for TKR [21], and good inter- 
observer reproducibility for the pain and function sub- 
scales has been demonstrated [22]. IKSSp a i n is assessed 
on a subscale that ranges from no pain (50 points) to 
mild/occasional (45 points), mild on stairs (40 points), 
mild on walking and stairs (30 points), moderate occa- 
sional (20 points), moderate continuous (10 points) and 
severe (0 points) pain. The IKSSp unct ion is based on walk- 
ing distance, ability to climb stairs and the use of gait 
aids; the score ranges from 0-100, with a lower score in- 
dicating greater functional limitation. 

The SF-12 is a multipurpose, generic measure of health 
status that measures eight health concepts from which 
two distinct component scores are derived; the physical 
component score (PCS) and the mental component score 
(MCS) [17]. Both component scores are designed to have 
a mean of 50 and a standard deviation of 10, with lower 
scores indicating greater physical or mental health im- 
pairment [23] . A score of > 50 indicates no impairment; 
40-49 mild impairment; 30-39 moderate impairment; 
and < 30 severe impairment. The SF-12 is commonly used 
to measure physical and mental wellbeing in the clinical 
setting [24] and specifically in both TKR and THR [25,26]; 
it is validated for use in the Australian population [27] . 

For THRs, the outcome variables were HHS pain (HHS Pain ), 
and function (HHSp unct ion) subscales and SF-12 at 
12 months post arthroplasty. HHSp a ; n and HHSp unct i 0 n are 
two of the four subscales of the HHS [16]. HHS Pain score 
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ranges from no pain (44 points) to slight (40 points), mild 
(30 points), moderate (20 points), severe (10 points) pain, 
and disabled (0 points). The functional score range is from 
0-47 and assessment is based on walking distance, ability 
to climb stair, the use of gait aids, limping, ability to don 
shoes and socks, catch public transport and sit. A lower 
score indicates greater functional limitation. 

All patients were mailed health questionnaires to 
complete and return at their pre-surgery or follow-up 
assessments. Patients who did not return during their 
assessment were contacted by telephone by a person in- 
dependent of the research team. 

Statistical analysis 

For each of TKR's and THR's, patient characteristics and 
procedure-related variables were summarized as mean 
and standard deviation (mean ± SD) for continuous vari- 
ables, and proportions (percentages) for categorical vari- 
ables. For each of the TKR and THR datasets, patients 
were divided into those with 'low' SES score < 5 (SESlow) 
and 'high' SES score > 6 (SES H i g h). and univariate methods 
(t-test, chi-square and analysis of variance) were used to 
compare characteristics in the two groups. 

Linear regression models were run to determine the 
independent predictors (including SES score on a continu- 
ous scale from 1 to 10) of each of the outcome variables: 

IKSS Pain , IKSSpunction) PCS Kn ee a nd MCS Knee , HHSp ain , 

HHSpunction) PCSnip and MCSpiip- For each outcome, 
the dependent variable was the outcome measure at 
12 months post-surgery, with the pre-operative 'baseline' 
measures included as independent variables. Linearity was 
tested using plots of observed versus predicted values 
and plots of residuals versus predicted values in order 
to ensure that the linearity assumption was satisfied for 
regression modelling. We also ran models wherein the 
dependent variable was the change in outcome measure 
(post-operative minus pre-operative); the results were very 
similar to the first set of models and therefore we have 
not presented these here (see Additional file 1). 

Results of linear regression were presented as a coeffi- 
cient (parameter estimate) for each independent variable, 
with corresponding 95% confidence interval (95% CI) 
and p value. P values < 0.05 were deemed statistically sig- 
nificant. All analyses were performed using STATA 11 
software (StataCorp LP, Texas, USA). 

Results 

A total of 1,212 TKR's in 1,065 patients and 982 THR's 
in 891 patients were performed during the study period. 
For patients who underwent staged bilateral joint re- 
placement the second procedure was included in the 
analysis. A total of 105 patients were excluded due to; de- 
ceased prior to 12 months follow-up (12 knees, 12 hips), 
underwent simultaneous procedure (1 knee), revision of 



prosthesis prior to 12 months follow-up (3 knees, 9 hips), 
underwent contralateral or other large joint arthroplasty 
within 12 months (15 knees, 20 hips), did not complete 
surveys at both time-points (18 knees, 15 hips). Therefore 
follow-up data was available for 1016/1065 (95.4%) of pa- 
tients who underwent TKR and 835/891 (93.7%) of pa- 
tients who underwent THJR. 

Knee arthroplasty analyses 

Characteristics of the 1,016 patients who underwent 
TKR are summarized in Tables 1 and 2. The distribution 
of SES scores among patients is presented in Figure 1. 
The mean ± SD SES score was 6.3 ± 2.6, with a median 
of 7. 

The Mean ± SD CCI at surgery was 1.8 ± 2.2. The mean ± 
SD number of comorbidities per patient was 2.7 ± 1.5. 
Complications occurred in 222 (21.9%) and included med- 
ical (n = 106), wound (n = 57) and orthopaedic (n = 40) 
complications; 19 patients had a minor complication that 
did not require significant intervention or substantially 
prolong length of stay. An unplanned readmission was re- 
quired in 88 (8.7%) patients and an additional unplanned 
procedure was required in 56 (5.5%) patients; the most 
common indications for this were wound complications. 

Association of SES and knee arthroplasty 

SES scores were initially categorized into 'low' (SES Low ; 
SES score 5 or less) and 'high' (SESHigh! SES score 6 or 
higher) for descriptive purposes and for univariate ana- 
lysis. In univariate analysis (Table 3), a significantly 
higher proportion of patients in the SESlow category 
were obese (69.0% vs 60.2%, p = 0.02) than in the SES Hig h 
category. Whilst patients in the SES Low category had a 
higher level of pre-operative physical function measured 
using SF12 Physical (PCS Knee ; 27.9 ±6.8 vs 26.8 ±6.0, p = 
0.008), they had a lower level of pre-operative mental 
health measured using SF12 Me ntai (MCSi<nee; 47.2 ± 12.0 vs 
49.4 ± 11.6, p = 0.005) than the SES Hig h category. Overall, 
the improvement in mental health (MCS Knee ) post surgery 
was significantly greater for the SESlow (3.8 ± 12.9 vs 
1.5 ± 12.2, p = 0.008) than the SES Hig h category. 

In linear regression modelling (Tables 4 and 5), SES score 
was not independently associated with post-operative IKS- 
Spain> IKSSpunction or PCSKnee. However, there was a statis- 
tically significant inverse association between SES score 
and post-operative MCS Kn ee (coefficient -0.28, 95% 
CI: -0.52 to -0.04, p = 0.02), indicating that after ad- 
justment for baseline MCS Knee , patients in lower socio- 
economic groups tended to have better mental health 
scores post arthroplasty. 

Regression models for IKSS Pain 

Results of linear regression modelling for independent 
determinants of post-operative IKSS Pain are presented in 
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Table 1 Patient characteristics (categorical variables) 

Knee replacements Hip replacements 

n (%) n (%) 



Table 1 Patient characteristics (categorical variables) 

(Continued) 



None 


525 (51.7%) 


359 (43.0%) 


Mild 


203 (20.0%) 


1 97 (23.6%) 


Moderate 


228 (22.4%) 


201 (24.1%) 


Severe 


60 (5.9%) 


78 (9.3%) 


Post-op mental distress:*** 






None 


593 (58.4%) 


516 (61.8%) 


Mild 


222 (21.9%) 


168 (20.1%) 


Moderate 


162 (15.9%) 


109 (13.1%) 


Severe 


39 (3.8%) 


42 (5.0%) 



Abbreviations: OA Osteoarthritis, RA Rheumatoid Arthritis, AVN Avascular 
necrosis, CHD Congenital hip dysplasia, AMI acute myocardial infarction, IHD 
ischemic heart disease, CCF congestive cardiac failure, COAD chronic 
obstructive airways disease, pre-op pre-operative, post-op post-operative. 
^Obesity defined as body mass index (BMI) > 30. 
§ Applies only to knee replacements. 
"Applies only to hip replacements. 

D Need interpreter in order to communicate with an English speaker. 
**Based on categories of SF1 2 physjca i; score of > 50 indicates no impairment; 
40-49 mild impairment; 30-39 moderate impairment; and < 30 
severe impairment. 

***Based on categories of SF1 2 menta i; score of > 50 indicates no distress; 40-49 
mild distress; 30-39 moderate distress; and < 30 severe distress. 

Table 4. Presence of complications, being a non-English 
speaker and having a higher burden of comorbidities 
were associated with lower post-operative IKSSpain score, 
i.e., more pain at 12 months. Having less pre-operative 
pain and less pre-operative physical impairment and men- 
tal distress were associated with higher post-operative 
IKSSpain score, i.e., less pain at 12 months. 

Regression models for IKSS Function 

Results of linear regression modelling for independent 
determinants of post-operative IKSSpunction are presented 
in Table 4. Female sex, older age, higher BMI, presence 
of a complication, being a non-English speaker, having a 
higher burden of comorbidities and lower pre-operative 
IKSSp a i n , were associated with lower IKSSF Unct ion score 
i.e., worse function at 12 months. Having better func- 
tion prior to surgery, a cruciate retaining procedure, and 
less pre-operative physical impairment and mental distress 
were associated with higher IKSS Function score i.e., better 
function at 12 months. 

Regression models for PCS Knee 

Results of linear regression modelling for independent 
determinants of post-operative PCSi< ne e are presented 
in Table 5. Presence of a complication and a higher bur- 
den of comorbidities were associated with worse phys- 
ical health at 12 months post-op. Having a higher 
pre-operative IKSS Funct i on score, a cruciate retaining 
procedure, and better pre-operative physical and mental 
health were associated with better physical function at 
12 months post arthroplasty. 



Total number of patients 
Sex: 

Female 

Male 
Obesity 1 
Aetiology: 

OA 

RA 

AVN 

CHD 

Contralateral joint 
replacement 

Prosthesis type: § 
Cruciate retaining 
Posterior stabilising 
Ultra congruent 

Patella resurfaced 5 

Cementation™ 
Uncemented 
Hybrid 

Totally cemented 

Diabetes 

Hypertension 

AMI/IHD/CCF 

Asthma/COAD 

Cancer 

Smoker: 
Ex- 
Current 

Complication 

Non-English speaking 0 

Pre-op physical 
impairment:** 

None 

Mild 

Moderate 

Severe 

Post-op physical 
impairment:** 

None 

Mild 

Moderate 
Severe 
Pre-op mental distress:*** 



1016 (100%) 

688 (67.7%) 
328 (32.3%) 
641 (63.1%) 

957 (94.2%) 
55 (5.4%) 
4 (0.4%) 

325 (32.0%) 



400 (39.4%) 
580 (57.1%) 
36 (3.5%) 
315 (31.0%) 



196 (19.3%) 
639 (62.9%) 
116 (11.4%) 
167 (16.4%) 
69 (6.8%) 

235 (23.1%) 
60 (5.9%) 
222 (21.9%) 
154 (15.2%) 



6 (0.6%) 
45 (4.4%) 
208 (20.5%) 
757 (74.5%) 



170 (16.7%) 
248 (24.4%) 
306 (30.1%) 
292 (28.7%) 



835 (1 00%) 

502 (60.1%) 
333 (39.9%) 
371 (44.4%) 

726 (87.0%) 
33 (4.0%) 
50 (6.0%) 
26 (3.1%) 

204 (24.4%) 



148 (17.7%) 
617 (73.9%) 

70 (84%) 
104 (12.5%) 
440 (52.7%) 

89 (10.7%) 
119 (14.3%) 

58 (7.0%) 

236 (28.3%) 
91 (10.9%) 
222 (26.6%) 
84 (10.1%) 



2 (0.2%) 
20 (2.4%) 
140 (16.8%) 
673 (80.6%) 



1 92 (23.0%) 
219 (26.2%) 
237 (28.4%) 
1 87 (22.4%) 
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Table 2 Patient characteristics (continuous variables) 



Characteristic 


Knee replacements 
(n = 1016) 


Hip replacements 
(n = 835) 




Mean ± SD 


Mean±SD 


Age (years) 


70.3 ± 8.6 


68.4 ± 9.9 


BMI (kg/m 2 ) 1 


32.4 ±5.9 


29.8 ±5.7 


SES score n 


6.3 ± 2.6 


6.4 ±2.7 


Age-adjusted CCI* 


1.8 ±2.2 


1.5 ±2.1 


Pre-op IKSSpein" 


5.4 ±8.2 


_ 


Post-op IKSS Pain °° 


35.2 ± 15.3 


_ 


Change in IKSS Pain °° 


29.8 ± 1 6.4 


- 


Pre-op IKSS Function ** 


36.2 ± 19.5 


_ 


Post-op IKSS Function " 


58.5 ±25.8 


_ 


Change in IKSS Function " 


22.3 ± 24.3 


- 


Pre-op PCS 5 


27.1 ±6.3 


26.2 ±5.5 


Post-op PCS 5 


37.8 ± 10.7 


40.0 ± 11.1 


Change in PCS 5 


1 0.6 ± 1 0.9 


13.8+11.4 


Pre-op MCS 1 


48.7 ± 1 1 .8 


46.6 ± 12.0 


Post-op MCS 1 


50.9 ± 10.9 


51.2 ± 10.8 


Change in MCS 1 


2.3 ± 12.5 


4.6 ±12.9 


Pre-op HHS Pain " 




12.0 ±4.6 


Post-op HHS Pain # 




38.6 ±9.0 


Change in HHS Pain 




45.1 ±17.5 


Pre-op HHS Function c 




17.1 ±9.1 


Post-op HHS Fmction c 




34.2 ± 10.7 


Change HHS Fun aion C 




17.1 ±10.9 



Abbreviations: BMI Body Masss Index, SES score Socioeconomic status score, 

CCI Charlson Comorbidity Index, pre-op pre-operative, post-op post-operative, 

IKSS Pain International Knee Society Pain Score, IKSS Func[ion International Knee 

Society Function Score, PCS Short Form 12 Physical Component Score, 

MCS Short Form 12 Mental Component Score, HHS Pain Harris Hip Pain Score, 

HHS Functjon Harris Hip Function Score. 

'BMI - Body Mass Index (weight [Kg]/height [m] 2 ). 

C SES score - Socioeconomic status score, (0 to 10) with a higher score 

representing socioeconomic advantage. 

*CCI - Charlson Comorbidity Index (0-43, age adjusted), with a higher score 
indicating a greater comorbidity burden. 

M IKSS Pain - International Knee Society Pain Score (0 to 50) with a higher score 
representing less pain. 

**IKSS Fun ction - International Knee Society Function Score (0 to 100) with a 
higher score representing better function. 

PCS - score of > 50 indicates no impairment; 40-49 mild impairment; 30-39 
moderate impairment; and < 30 severe impairment. 

'MCS - score of > 50 indicates no distress; 40-49 mild distress; 30-39 moderate 
distress; and < 30 severe distress. 

# HHS Pain - Harris Hip Pain Score (0 to 44} with a higher score representing 
less pain. 

c HHS Function - Harris Hip Function Score (0 to 47) with a higher score 
representing better function. 

Regression models for MCS Knee 

Results of linear regression modelling for independent 
determinants of post-operative MCS Kne e are presented 
in Table 5. Complications and comorbidities were associ- 
ated with worse mental health at 12 months. Older age at 
time of surgery, lower SES score and better pre-operative 



mental health were associated with better mental health at 
12 months post arthroplasty. 

Hip arthroplasty analyses 

Characteristics of the 835 patients who underwent THR 
are summarized in Tables 1 and 2. Overall, these pa- 
tients were similar in profile to those who had TKR, 
with several notable exceptions. There was a higher pro- 
portion of male patients (333 [39.9%]) and proportion- 
ately fewer obese patients (371 [44.4%]). In addition to 
OA, RA and AVN, 26 (3.1%) had THR for congenital 
hip dysplasia. Fewer patients had a prior contralateral 
arthroplasty (204 [24.4%]). Compared with patients 
undergoing TKR, those having THR had proportionately 
more post-operative complications 222 (26.6%), though 
most (118 of 222) of these were minor and did not re- 
quire intervention or significantly impact length of stay. 
Overall, the complications were medical (n = 70), wound 
(n = 34) and orthopaedic (n=19). The number of un- 
planned readmissions (46 [5.5%]) and additional un- 
planned procedures (36 [4.3%])) were both lower for 
those having THR. However, similar to those undergoing 
TKR, the most common indication for readmissions/un- 
planned procedures was wound complications. 

Association of SES and hip arthroplasty 

In univariate analysis (Table 3), there were no significant 
differences in most of the characteristics of patients in 
the SESlow compared with the SESHigh category. How- 
ever, similar to the knee dataset, patients in the SES Low 
category had a higher level of pre-operative physical 
function (PCS Hip ; 26.9 ± 6.1 vs 25.9 ± 5.2, p = 0.012), and 
a significantly greater improvement in mental health 
(MCSnip) post arthroplasty than the SESHigh category 
(5.9 ± 13.3 vs 4.0 ± 12.7, p = 0.047). 

In linear regression modelling (Tables 4 and 5), SES 
score was not independently associated with post- 
operative HHSp a i n , HHSpunction. PCS H i P or MCS H ip- 

Regression models for HHS Pain 

Results of linear regression modelling for independent 
determinants of post-operative HHS Pain are presented in 
Table 4. Having a higher burden of comorbidities was 
associated with more pain at 12 months. Being older, 
having less pre-operative physical impairment and men- 
tal distress were associated with less pain at 12 months. 

Regression models for HHS Function 

Results of linear regression modelling for independent 
determinants of post-operative HHSpunction are pre- 
sented in Table 4. Older age, higher BMI and a higher 
number of comorbidities were associated with worse 
function at 12 months. Having less pre-operative phys- 
ical impairment or mental distress, better pre-operative 
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Figure 1 Distribution of SES scores. Distribution of SES scores among patients (with a higher score representing socioeconomic advantage). 



function, and having a cemented THR were associated 
with better function at 12 months. 

Regression models for PCS Hjp 

Results of linear regression modelling for independent 
determinants of post-operative PCS H i p are presented in 
Table 5. Older age and a higher burden of comorbidities 
were associated with worse physical health at 12 months 
post arthroplasty. Having better pre-operative function, 
and physical and mental health were associated with bet- 
ter physical function at 12 months post arthroplasty. 

Regression models for MCS Hip 

Results of linear regression modelling for independent 
determinants of post-operative MCS H i p are presented in 
Table 5. Comorbidities were associated with worse men- 
tal health at 12 months post arthroplasty. Older age at 
time of surgery and better pre-operative physical and 
mental health were associated with better mental func- 
tion at 12 months post arthroplasty. 

Discussion 

In an Australian setting, we have shown that SES is not 
an independent determinant of pain and functional out- 
comes post joint replacement surgery. We have con- 
firmed several important predictors of pain and 
functional outcome of arthroplasty including age, BMI, 
comorbidities, pre-operative pain and function, and pre- 
operative mental health. We have also shown that rela- 
tive to baseline, patients in lower socioeconomic groups 
have the greatest improvement in mental health post 
arthroplasty. 



The lack of a predictive association between SES and 
several key arthroplasty outcome measures in our study 
contrasts the findings of most other investigators 
[10,11,13,14]. A large UK study by Jenkins et.al using a 
SES classification system similar to the ABS 'SES score', 
with comparable health questionnaires, showed signifi- 
cant differences in SF-36 physical improvement between 
the least and most "deprived groups" 18 months post THR 
[13]. A study based in Scotland by Clement et al. reported 
similar findings [11]. In a smaller study Allen-Butler et al. 
[10] conducted a secondary analysis of a prospective ran- 
domized study originally comparing 2 different hip stems. 
They also concluded that individual socioeconomic pa- 
rameters such as education level, household income, as 
well as being African American were associated with 
lower Harris Hip Scores up to 2 years post THR [10]. Fi- 
nally, a study by Schafer et al. also concluded that socio- 
economic variables independently predicted response to 
THR [14]. 

Only one study to date has reported that lower SES 
did not appear to affect the outcome of joint replace- 
ment; this was a multicentre study conducted in several 
countries (USA, UK, AU, Canada) in patients undergo- 
ing knee arthroplasty [28]. SES data were derived from a 
pre-operative questionnaire regarding education, in- 
come, working status and living arrangements, to allow 
for direct comparison between countries. Despite report- 
ing a correlation between lower income and worse pre- 
operative pain and function, there were no differences in 
post-operative pain and function at 24 months. 

There are several possible explanations for the lack of 
association between SES and pain/function outcomes 
following arthroplasty in our study. The first relates to 
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Table 3 Patient characteristics according to 'low' SES score < 5 (SES| 


.owl or 


'high' SES score > 6 (SES High ) 






Knee replacements (n = 1,016) 




Hip replacements (n = 835) 






SES Low (n = 335) 


SES High (n = 681) 




SES Low (n = 263) 


SES High (n = 572) 






Mean ± SD or n (%) 


Mean ± SD or n (%) 


p 


Mean ± SD or n (%) 


Mean ± SD or n (%) 


P 


Sex: 














Female 


236 (70.5%) 


452 (66.4%) 


0.19 


147 (55.9%) 


355 (62.1%) 


0.09 


Male 


99 (29.6%) 


229 (33.6%) 




116 (44.1%) 


217 (37.9%) 




Age (years) 


69.1 ±8.6 


70.9 ± 8.5 


0.002 


67.8 ± 1 0.2 


68.7 ± 9.8 


0.19 


BMI (kg/m 2 ) 1 


33.0 ±5.7 


32.1 ±6.0 


0.02 


30.2 ±5.1 


29.7 ±5.9 


0.44 


Obesity* 


231 (69.0%) 


410 (60.2%) 


0.007 


1 26 (47.9%) 


245 (42.8%) 


0.17 


Aetiology: 












0.09 


OA 


312 (93.1%) 


645 (94.7%) 


0.5 


222 (84.4%) 


504 (88.1%) 




RA 


22 (6.6%) 


33 (4.9%) 




1 7 (6.5%) 


1 6 (2.8%) 




AVN 


1 (0.3%) 


3 (0.4) 




16 (6.1%) 


34 (5.9%) 




CHD 


- 


- 




8 (3.0%) 


1 8 (3.2%) 




Contralateral joint replacement 0 


1 02 (30.5%) 


223 (32.8%) 


0.46 


64 (24.3%) 


140 (24.5%) 


0.97 


Prosthesis type: 






0.12 


- 


- 




Cruciate retaining 


123 (36.7%) 


277 (40.7%) 










Posterior stabilizing 


1 95 (58.2%) 


385 (56.5%) 










Ultra congruent 


17 (5.1%) 


19 (2.8%) 










Patella resurfaced 


1 08 (32.2%) 


207 (30.4%) 


0.55 


- 


- 




Cementation: 












0.82 


Uncemented 


- 


- 




48 (18.3%) 


100 (17.5%) 




Hybrid 








191 (72.6%) 


426 (74.5%) 




Totally cemented 








24 (.1%) 


46 (8.0%) 




Age-adjusted CCI* 


1.7 ±2.1 


1.8 ±2.2 


0.55 


1.6 ±2.1 


1.5 ±2.1 


0.70 


Complication 


64 (19.1%) 


1 58 (23.2%) 


0.14 


67 (25.5%) 


155 (27.1%) 


0.62 


Non-English speaking 


52 (1 5.5%) 


102 (15.0%) 


0.82 


29 (11.0%) 


55 (9.7%) 


0.54 


Pre-op IKSSpain" 


5.7 ±8.5 


5.2 ±8.1 


0.35 


- 


- 




Post-Op IKSSpajn" 


35.0 ± 15.3 


35.3 ± 15.3 




- 


- 




Change in IKSSp a i n °° 


29.2 ± 16.9 


30.1 ±16.1 


0.44 


- 


- 




Pre-op IKSS Function ** 


36.7 ± 19.5 


35.9 ± 19.6 


0.57 


- 


- 




Post-op IKSS Function " 


58.0 ± 24.9 


58.7 ± 26.3 


0.65 


- 


- 




Change in IKSS Function ** 


21.3 ±23.1 


22.8 ± 24.8 


0.35 


- 


- 




Pre-op PCS 5 


27.9 ± 6.8 


26.8 ± 6.0 


0.008 


26.9 ±6.1 


25.9 ±5.2 


0.012 


Post-op PCS 5 


37.8 ± 1 1 .0 


37.7 ± 10.6 


0.88 


39.7 ±11.2 


40.1 ±11.0 


0.58 


Change in PCS 5 


1 0.0 ±113 


1 0.0 ± 1 0.6 


0.17 


1 2.8 ± 1 1 .7 


14.3 ±11.3 


0.08 


Pre-op MCS 1 


47.2 ± 12.0 


49.4 ± 1 1 .6 


0.005 


45.6 ±12.5 


47.0 ± 1 1 .8 


0.1 1 


Post-op MCS 1 


50.9 ±11.0 


50.9 ± 10.9 


0.99 


51.5 ±10.7 


51.0 + 10.8 


0.54 


Change in MCS 1 


3.8 ± 12.9 


1.5 ± 12.2 


0.008 


5.9 ±13.3 


4.0 ± 1 2.7 


0.047 


Pre-op HHS Pain " 








1 1 .9 ± 4.6 


12.1 ±4.6 


0.72 


Post-Op HHS Pain # 








38.2 ± 9.6 


38.8 ±8.7 


0.34 


Change in HHS Pain * 








26.2 ± 1 0.3 


26.7 ± 9.5 


0.47 


Pre-op HHS Function c 








17.1 ±9.7 


17.0 ±8.8 


0.93 
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Table 3 Patient characteristics according to 'low' SES score < 5 (SES Low ) or 'high' SES score > 6 (SES H i g h) (Continued) 

Post-op HHS Function c 34.3 ±10.3 34.2 ±10.9 0.89 

Change in HHS Function c 17.2±11.3 17.1 ±10.8 0.94 

Abbreviations: BMI Body Mass Index, OA Osteoarthritis, RA Rheumatoid Arthritis, AVN Avascular necrosis, CHD Congenital hip dysplasia, SES score Socioeconomic 
status score, CCl Charlson Comorbidity Index, lKSS Pain International Knee Society Pain Score, pre-op pre-operative, post-op post-operative, iKSS Function International 
Knee Society Function Score, SFi2 Pjlysical Short Form 12 physical component, SE12 mental Short Form 12 mental component, HHS Pajn Harris Hip Pain Score, HHS Functjon 
Harris Hip Function Score. 

'BMI - Body Mass Index (weight [Kg]/height [m] 2 ). 
"Obesity defined as BMI > 30. 

C SES score - Socioeconomic status score, (0 to 10) with a higher score representing socioeconomic advantage. 

*CCI - Charlson Comorbidity Index (0-43, age adjusted), with a higher score indicating a greater comorbidity burden. 

M IKSS Pain - Knee Society Pain Score (0 to 50) with a higher score representing less pain. 

**!KSS Function - Knee Society Function Score (0 to 100) with a higher score representing better function. 

PCS - score of > 50 indicates no impairment; 40-49 mild impairment; 30-39 moderate impairment; and < 30 severe impairment. 
'MCS - score of > 50 indicates no distress; 40-49 mild distress; 30-39 moderate distress; and < 30 severe distress. 
# HHS Pain - Harris Hip Pain Score (0 to 44} with a higher score representing less pain. 
c HHS Function - Harris Hip Function Score (0 to 47} with a higher score representing better function. 



the differences in measures of SES used in the various 
studies to date. Although elements such as level of edu- 
cation and income are common to most measures of 
SES, there are possible regional differences in the com- 
ponents of this construct. Therefore, the use of the ABS 



'SES score', a composite or 'global' measure of SES spe- 
cifically derived for use in Australia, is a methodological 
strength of our study. However, within each postal ad- 
dress code, there will likely be individuals who have a 
lower or higher SES than might be expected. While this 



Table 4 Predictors of IKSS Pain , IKSS Function , HHS Pain and HHS Functjon (multiple linear regression models) 





IKSS Pain 


IKSSpunctjon 


HHSp a i n 


HHSpunction 


Variables 


Coefficient 


Coefficient 


Coefficient 


Coefficient 




(95% CI) 


(95% CI) 


(95% CI) 


(95% CI) 




P 


P 


P 


P 


Female sex 


-1.85 (-3.91:0.22) 0.08 


-9.16 (-12.17H5.14) < 0.0001 


0.72 (-0.53:1.97) 0.26 


-1.27 (-2.59:0.05) 0.06 


Age (years) 


0.07 (-0.04:0.19) 0.22 


-0.38 (-0.55:-0.21) < 0.0001 


0.09 (0.01:0.17) 0.04 


-0.20 (-0.29:-0.12) < 0.0001 


SES score n 


0.08 (-0.27:0.44) 0.64 


0.17 (-0.35:0.68) 0.52 


0.07 (-0.15:0.30) 0.51 


0.06 (-0.18:0.29) 0.63 


BMI 1 


0.07 (-0.09:0.23) 0.40 


-0.48 (-0.71 :-0.24) < 0.0001 


0.04 (-0.07:0.15) 045 


-0.23 (-0.35:-0.12) < 0.0001 


Prosthesis type § 


-1.58 (-3.24:0.09) 0.06 


-4.05 (-6.47:- 1.62) 0.001 






Cemented prosthesis 5 






-0.46 (-1.95:1.04) 0.55 


2.35 (0.77:3.93) 0.004 


Complication 


-4.35 (-6.58:-2.12) < 0.0001 


-5.26 (-8.51:-2.02) 0.002 


-0.43 (-1.83:0.97) 0.54 


-0.68 (-2.16:0.80) 0.37 


Non-English speaking 


-4.83 (-7.46:-2.21) < 0.0001 


-7.34 (—11.1 7:-3.52) < 0.0001 


-0.67 (-2.69:1.34) 0.51 


-1.09 (-3.22:1.04) 0.32 


Age-adjusted CCl* 


-0.72 (-1.17:-0.28) 0.001 


-1.25 (-1.90:-0.60) < 0.0001 


-0.34 (-0.65:-0.03) 0.03 


-0.85 (-1.18:0.53) < 0.0001 


Pre-op IKSS Pain " 


0.16 (0.03:0.28) 0.012 


-0.19 (-0.37:-0.02) 0.032 






Pre-op IKSS Function ** 


-0.03 (-0.08:0.03) 0.31 


0.38 (0.30:0.46) < 0.0001 






Pre-op HHS Pain * 






0.02 (-0.12:0.16) 0.79 


-0.16 (-0.31:0.01) 0.04 


Pre-op HHS Function c 






0.01 (-0.07:0.09) 0.81 


0.34 (0.26:0.42) < 0.0001 


Pre-op PCS 5 


0.24 (0.07:0.40) 0.005 


0.53 (0.29:0.77) < 0.0001 


0.23 (0.11:0.35) < 0.000 


0.20 (0.06:0.33) 0.003 


Pre-op MCS 1 


0.18 (0.10:0.27) < 0.0001 


0.25 (0.13:0.38) < 0.0001 


0.13 (0.07:0.19) < 0.0001 


0.10 (0.04:0.16) 0.001 



Abbreviations: SES score Socioeconomic status score, BMI Body Mass Index, CCl Charlson Comorbidity Index, pre-op pre-operative, post-op post-operative, IKSS Pain 
International Knee Society Pain Score, IKSS Function International Knee Society Function Score, HHS Pain Harris Hip Pain Score, HHS Function Harris Hip Function Score, 



SF12 PI 



/Short Form 12 physical component, SFI2 men{a i Short Form 12 mental component. 



C SES score - Socioeconomic status score, (0 to 10) with a higher score representing socioeconomic advantage. 
^BMI - Body Mass Index (weight [Kg]/height [m] 2 ). 

Coefficient relates to posterior stabilizing or ultra-congruent procedure (compared with cruciate retaining). 

Coefficient relates to cemented (hybrid or totally cemented) compared with uncemented hip replacement. 

*CCI - Charlson Comorbidity Index (0-43, age adjusted), with a higher score indicating a greater comorbidity burden. 

M IKSS Pain - Knee Society Pain Score (0 to 50) with a higher score representing less pain. 

**IKSS Function - Knee Society Function Score (0 to 100) with a higher score representing better function. 

# HHS Pain - Harris Hip Pain Score (0 to 44) with a higher score representing less pain. 

c HHS Function - Harris Hip Function Score (0 to 47} with a higher score representing better function. 

PCS - score of > 50 indicates no impairment; 40-49 mild impairment; 30-39 moderate impairment; and < 30 severe impairment. 
^MCS - score of > 50 indicates no distress; 40-49 mild distress; 30-39 moderate distress; and < 30 severe distress. 
Bold numbers denotes statistical significance (p<0.05). 
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Table 5 Predictors of SF12-physical (PCS) and SF12-mental (MCS) for the knee and hip datasets (multiple linear 
regression models) 





PCS Knee 


MCS Knee 


PCS Hip 


MCS Hip 


Variables 


Coefficient 


Coefficient 


Coefficient 


Coefficient 




(95% CI) 


(95% CI) 


(95% CI) 


(95% CI) 




P 


P 


P 


P 


Female sex 


-1.20 (-2.56:0.15) 0.08 


-0.19 (-1.59:1.21) 0.79 


0.01 (-1.43:1.45) 0.99 


-1 .47 (-2.90:-0.04) 0.04 


Age (years) 


-0.06 (-0.14:0.02) 0.13 


0.11 (0.03:0.19) 0.005 


-0.12 (-0.21:-0.02) 0.02 


0.07 (-0.02:0.17) 0.12 


SES score n 


0.05 (-0.18:0.29) 0.65 


-0.28 (-0.52:-0.04) 0.02 


0.13 (-0.12:0.39) 0.30 


-0.15 (-0.40:0.10) 0.25 


BMI 1 


-0.06 (-0.17:0.04) 0.24 


-0.01 (-0.12:0.09) 0.79 


-0.11 (-0.24:0.01) 0.08 


0.02 (-0.11, 0.14) 0.81 


Prosthesis type § 


-1.16 (-2.25:0.07) 0.04 


-0.99 (-2.12:0.13) 0.08 


- 


- 


Cemented prosthesis 5 


- 


- 


0.75 (-0.98:2.46) 0.40 


-0.12 (-1.82:1.58) 0.89 


Complication 


-2.76 (-4.23H.30) < 0.0001 


-1.60 (-3.11:0.10) 0.04 


-1.31 (-2.93:0.30) 0.11 


-0.39 (-1.99:1.20) 0.63 


Non-English speaking 


-1.23 (-2.96:0.49) 0.16 


-1.60 (-3.37:-0.18) 0.08 


-0.77 (-3.10:1.55) 0.51 


-0.44 (-2.73:1.86) 0.71 


Age-adjusted CCI 


-0.72 (-1.01:-0.42) < 0.0001 


-0.36 (-0.67:-0.06) 0.02 


-0.92 (-1.28:-0.57) < 0.0001 


-0.54 (-0.89:-0.19) 0.002 


Pre-op KSS Pain °° 


-0.04 (-0.12:0.04) 0.35 


0.03 (-0.05:0.11) 0.43 






Pre-op KSS Function " 


0.07 (0.03:0.11) < 0.0001 


-0.00002 (-0.04:0.04) 1 .00 






Pre-op HHS Pain » 






-0.17 (-0.33:0.001) 0.048 


-0.04 (-0.20:0.13) 0.67 


Pre-op HHS Function c 






0.14 (0.04:0.23) 0.004 


-0.09 (-0.18:0.004) 0.06 


Pre-op PCS 5 


0.43 (0.32:0.54) < 0.0001 


0.07 (-0.04:0.18) 0.20 


0.35 (0.21:0.50) < 0.0001 


0.14 (0.001:0.28) 0.049 


Pre-op MCS 1 


0.16 (0.11:0.22) < 0.0001 


0.36 (0.31:0.42) < 0.0001 


0.20 (0.13:0.26) < 0.0001 


0.35 (0.28:0.41) < 0.0001 



Abbreviations: SES score Socioeconomic status score, BMI Body Mass Index, CCI Charlson Comorbidity Index, pre-op pre-operative, post-op post-operative, IKSS Pajn 

International Knee Society Pain Score, IKSS Function International Knee Society Function Score, HHS Pain Harris Hip Pain Score, HHS Funclion Harris Hip Function Score, 

SF12p h y Sica j Short Form 12 physical component, SF12 menta! Short Form 12 mental component. 

C SES score - Socioeconomic status score, (0 to 10) with a higher score representing socioeconomic advantage. 

'BMI - Body Mass Index (weight [Kg]/height [m] 2 ). 

Coefficient relates to posterior stabilizing or ultra-congruent procedure (compared with cruciate retaining). 
Coefficient relates to cemented (hybrid or totally cemented) compared with uncemented hip replacement. 
CCI - Charlson Comorbidity Index (0-43, age adjusted), with a higher score indicating a greater comorbidity burden. 
M KSS Pain - Knee Society Pain Score (0 to 50) with a higher score representing less pain. 
**KSS Function - Knee Society Function Score (0 to 100) with a higher score representing better function. 
# HHS Pain - Harris Hip Pain Score (0 to 44} with a higher score representing less pain. 
c HHS Function - Harris Hip Function Score (0 to 47} with a higher score representing better function. 

PCS - score of > 50 indicates no impairment; 40-49 mild impairment; 30-39 moderate impairment; and < 30 severe impairment. 
'MCS - score of > 50 indicates no distress; 40-49 mild distress; 30-39 moderate distress; and < 30 severe distress. 
Bold numbers denotes statistical significance (p < 0.05). 



is a possible limitation of our study, in the Australian 
population as a whole, the SES score is a reliable indica- 
tor of SES. 

Although the median SES score among our patients 
was 7, over 30% (335 [33.0%] of patients undergoing 
knee replacement and 263 [31.5%] patients undergoing 
hip replacements) had a SES score of 5 or under, indicat- 
ing that our centre serves a varied patient population, 
ranging from the lowest to highest SES. 

Another possible explanation for our findings may be 
that unlike previous studies, our analyses accounted for 
multiple variables that are known to influence the outcome 
of arthroplasty. Previous studies have not reported such 
comprehensive demographic, surgical and outcome data. 

A third possible explanation relates to the delivery of 
care in our centre. Geared towards the equitable delivery 
of health care to all, the Australian public health care 
system aims to optimize outcomes of elective surgery 
through pre-operative assessment and management of 



comorbidities, and a multi-disciplinary approach to 
post-operative care and discharge planning. Our results 
imply that in a specialized high through-put arthroplasty 
centre such as ours, which serves a diverse patient popula- 
tion, there is capacity to overcome the potential negative 
effects of socioeconomic disadvantage. This complements 
the observation that specialist arthroplasty centres re- 
port better patient outcomes overall, compared to non- 
specialist, low through-put centres [29-31]. 

One possible limitation of our study is that we did not 
include data for privately insured patients undergoing 
arthroplasty in the private sector. However, as there is 
likely to be less variation in SES in private Australian 
hospitals, with most patients being from high socioeco- 
nomic groups, it may not be possible to effectively assess 
the impact of SES on arthroplasty outcomes in such a 
setting. 

In this study we assessed the post-operative 'state' of our 
patients relative to their pre-operative 'state', by including 
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baseline pain and function scores as covariates in our 
regression models. While it has been reported by some 
that those who have worse pain and functional status 
pre-surgery may experience greater change in scores 
compared to those who have better pre-surgery status, the 
literature is inconsistent and a smaller change in score on 
a fixed ended scale in those with a better pre-surgery sta- 
tus may also simply reflect a ceiling effect [32,33] . Further 
it could be argued the actual post-operative status is more 
reflective of the benefit of surgery. Several of the studies 
cited above also assessed the post-operative status, relative 
to baseline [10,28] while others chose to report the change 
in status [11,13,14]. When we performed the analyses using 
change in scores as the outcome, our findings remained 
in contrast to others, in that SES did not predict outcomes 
post-surgery. 

While previous studies have indicated that lower so- 
cioeconomic status (SES) may be associated with worse 
outcomes post total knee (TKR) and hip (THR) replace- 
ment, we hypothesise that 'due to differences in socio- 
economic fabric, ethnic composition, health care systems 
and cultural expectations, the relative importance of SES 
as a predictor of outcome post TKR and THR may differ 
among nations'. Indeed, ours is the first study to evaluate 
the association between SES and outcome of arthroplasty 
in the Australian public health care system. Our findings 
contrast those of most previous reports by showing that 
SES is not an independent predictor of arthroplasty out- 
come. Further, we show the novel finding that relative 
to baseline, patients with lower SES have greater mental 
health benefits post arthroplasty than their more privi- 
leged counterparts. Our results imply that in a specialised 
high through-put arthroplasty centre, which serves a 
diverse patient population, there is capacity to overcome 
the potential negative effects of socioeconomic disadvan- 
tage. This also complements the observation that spe- 
cialist arthroplasty centres report better patient outcomes 
overall, compared to non-specialist, low through-put 
centres. 

The only significant association of SES demonstrated 
in our study was an inverse correlation between SES 
score and the post-operative SF12 Mental Component 
Score among patients undergoing knee arthroplasty 
(MCSi< n ee)- This suggests that compared with more pri- 
vileged counterparts, those in lower socio-economic 
groups are even more likely to have higher - and better - 
post-operative mental health scores, relative to their base- 
line mental health scores. Arthroplasty has been shown 
to be a 'life-changing' procedure, with a substantial 
impact on the mental health of patients. In our study, 
the difference in the mental health gains of patients in 
low versus high socioeconomic groups may be related to 
differences in patient expectations and whether these 
expectations are met. 



In this study we have identified several important pre- 
dictors of outcome following large joint arthroplasty. 
Among patients undergoing TKR, female gender, higher 
BMI, limited English proficiency and a greater burden of 
comorbidities, were associated with worse pain and lower 
function at 12 months; we and others have identified these 
variables in prior research [4,6,34]. Pre-operative psycho- 
logical state in particular appears to be an important de- 
terminant of pain and functional outcome in TKR [35]. 
Similar to TKR, important independent predictors of pain 
and function in THR were comorbidities, BMI and base- 
line physical and psychological health. Obesity and psy- 
chological distress are common in patients presenting for 
arthroplasty [5,34-36], and studies are currently under 
way to evaluate the efficacy and cost effectiveness of men- 
tal health programs and obesity interventions in these pa- 
tient groups [37-39]. 

In our study, the median post-operative PCS Knee was 
37.1, meaning that half of our patients still had moderate 
to severe functional impairment following the procedure. 
These results are comparable to the findings of others 
[25]. Overall, the improvement in physical and mental 
health with THR, as measured by the SF-12, exceeded 
that seen with TKR. In addition to inherent differences 
between the two procedures, here we found that patients 
undergoing knee arthroplasty were more likely to be fe- 
male, obese, hypertensive and non-English speaking, and 
to have previously had surgery on the contralateral side, 
than those undergoing hip arthroplasty. These findings 
may in part explain the differences observed in the out- 
comes of the two procedures. 

Conclusions 

In summary, we have shown that in a setting such as 
ours, underprivileged patients do as well in terms of pain 
and functional outcomes of arthroplasty, and may even 
have greater mental health gains than more privileged 
patients. Our findings further support efforts to en- 
sure equity in access to arthroplasty among patients of 
all SES. 

Additional file 



Additional file 1: Predictors of change in Pain, Function and Quality 
of Life Scores 12 months large joint arthroplasty. 
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